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he energy management svstem (EMS) indusiry has

advanced rapidly over the past 10 o 13 vears, Tie

day, EMS technology provides bailihing owners and

designers with incredible design and operational Nex
ibility. Stafe-of-the-am EMS systems are charcienzed by pow
criul PC workstations and intelligent field panels thar process
complex control algorithms guickly and efficiemy,

I spite of these advances, building owners have been fros-
trated by the inabilicy o hid projects competitively and o ine-
grate innovative producis from different manufaciorers in ways
thitt best suit the unigee needs of their facility. The adoption of
BACn™" as the standard protocol for integrating building
conirol products has forever changed the indusiry and opened
the door o pew innovation in buoilding conirel echnelogy.

oy, thouzands of BACnet svstems are installed and can
bee found im ot Jeast Fourteen countrics.” Many of these are
small-scile projects where BACnet was osed 10 integrale new
HWAL equipment with an existing proprictary buillding automa-
e system, Cihers are complete BACnet sysiems that use
proadiects Irom only 2 single vendor, The 430 CGolden Gate Project
15 e becwuse of Uz large size, the involvement of multiple
vendors and the inclusion of more than just HYVAC control.
Thiz project will sigmifcantly impact the way the largest land-
lorad pa thee world—ihe LS. General Services Administration
(GEA b —will manage 1= buildings in tee future,

Thi= aricle provides an overvigw of the project design, the
demonsteation team's experences W odate and recommensda-
tons Tor engimeers and building owners considering BACnet
an henr Tulure sulamalion progcls,

Background

The GSA owns and operites most baildings used by the
civilian branches of the federal govermmment. This amounts (o
about 8% of all office space in the United Stes, G5A is com-
mitted o bmproving the safely and comion of the building oc-
cupants while simultaneously reducing energy and operating
costs. Modern building contrel echnology 15 o key tool for
achieving these goals, Asa governoment agency, open and com-
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petitive procurement i= alse a prime concern. Thus, GSA be-
cime nterested n BACnet because it provides the common
commumication infrastctiure necessary o achicve these goals.

In 1456, the Phillip Burton Federal Boilding and U5, Coore-
Bromse Iocated of 2500 Crolden CGate Avenue inSan Franciscoo was
selected az the site for the first large-scale commercial demaon-
stration of the BACnet standurd, The site. a 22-story | 2400080m?
LA milleon (°) office building, i the second Largest office baild-
g i San Francisco and the largest Federal office building west
o U Mlizsizzapg Baver, [ ws selected for this demaonstration,
i prart, becaese 30 had few pre-existing EM3 controls and re-
cent renovanons bave made 0 comparable o typical comimer-
cial office buldings,

The EMS retrofin alse represented o sigmificant enerey offi-
ciency opportunity for the building with projected annual util-
iy savings of over S500,000, The progect 1ests muliple EMS-
manufEerers” equipment i ooe Geiliny and ther ability to
eooperatively momitor and control building systems by uliliz-
ing 1he BACher standand, In addivion, exenzive energy meoni-
II::II:iI'IE" INEITIMENTAl0n, &n operalor wirksianon melwork, amd
COMMUENICANGNS equipment were incorporaled o the EMS
design o Facilitate future energy asseszment and research ac
tivity within the uilding.

Contract awards for the fest two BACoet complian venidors
were made in Awgost TG, Associared constracion acivines
were completed in January 1998, and the project remanned on
schedule and on badget. Follow-up phases of work will inclode
BACnei-based gateways toan existing lighting comrol system
installed on the building™s GEA foors, a pre-BACnet EMS in-

and Application,
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Operator Workstotions Networlk

Ol the meost omigue aspects of this
projechinvedves e operator worksiation
cavironment, Due 1w the mulii-vendor
configuration, ensuring effective operi-
tor training and & conzisient operator in-
terface were major concemns for GEAL To
opdimize opecator efficiency and provide
w umiform anterface o the EMS, one
vendor's worksation software (as per
Srope F) was selecied as the basis for
comemon Operator Workstation Metwork
(O aecess.

All enher EME vendoss were respon-
sible Tor eoordinating with the worksta-
nen vendor o ensure that consistent
color graphics, data presentation and
control parameters were established for
all systems. Frpaoee § illusirates a simpli-
fied wiew of the OW N configuration.

Subsequent o award. and as ach -
cdividual vendor's svstem was tested and
accepted, the Scope F ovendor was re-
uired 1o integrate every other vendor's
EMS installation inde its BACnzi-commput-
ible workstation softwire,

Oince completed, this simgle worksis
tion package becams the pomary mul
vendor aceess ool for the entine bugld-
ing. The result is w commes and consis
fent method of presentation and access
torll EMES information Mo any worksta-
tion. regardless of which vendor's EMS

* i exammnine,

& primmary desizn issue for the warksia-
tions and the OO ass e databage o
wanization and dizteibution, The 430
Crolden Crate EMS i a large and complex
system, The nesulung network needs 1o
mainlain a consstent and up-ro-date EM3
A H s T |_|r|...||,|-:_l.|r|J__ controdler configura-
1., |1rl_|gr1|11|11|1ll_ I||.'|'-c!|1|l elior Qpera-
o7 graphics, et) for (e complete EMS
imstallataon, This iz secomplizhed by sor-
ing EME data on the O fike server, thus
supporting g ceniralized repository for
trenad g, thind pary and vendor-specific
appicanon software and future research,

Thiz Nle server alao repulaies comim-
micalions among worksiations on the
W as well as shared resources such as
files and printers, In additicen o LAN muin-
agement, the file server hosts the archiving
and back-up services for the (0N,

The OWHM/EMS configuration also
provides remole operalor access o the
EMS and auromatic remote alarm repori-
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Figure 1: EMS Schematic. With all eritical zone level information sxchonged
using BACnet messages, building operaters con view HVAC information from
multiple vendors” systems through o commen color grophic inferfoce.

g van elephone connections using the
BACHE Poin-To-Poing (FTF protocol.
Thas dial-up access o the EMS provides
e zame interface and functionality as
e directly connected workstations.

Utility End-Use Meoniforing

The EMS design included extensive
utilicy monitoring instrumentation to pro-
vide access for GSA and the Local wtility
o bailding energy information for each
primary end-use category (eg, space
conling and heating, domestic hal water,
ventilation, lighting, vertical trunsporia-
tion, plug Ioads).

Instrurmentation was provided for mom-
toring of hoth sile energy consumpinonm
(g, clectricity and natural gas) and de-
livered thermal ene ray (e, conling and
heating Bius). This datais availabbe monead-
timne and stored for historical reeond

Conventionn] EMY sensors are sl
inconjuncticn with more specialized end
use insirumentation o provide o cost-el-
fective monitoring design, For exmple,
current switches and other status mdies
tions used by the EM3 for stari/siop
“proot” of constand load deveces (panmps,
fans, etc.) ane alse used o ok power
consumpdion of these same loads,

This is accomplished by defining
pewdn (software) points based on spon”™
EW mssuremenns of tee loads during sys-

tem installation, These individeal solware
points are then summed by end-nse ool
cgory it todmled values within (e EM3.

Vendar Precurement Process

The procurement process Tor (e 430
Golden Gate project began sholy after
ASHEALR S release of the BACner stan-
i a0 Lae 19595, The frst seep involved
i detwiled Beguest for Cualifications
[RLC i which imformanion wis regquesied
o numiergs venidos's prodoct lines, cue-
renl and future plans for ineorposation of
BACrel commmumications, operaior work-
slatian enviramment, as well as more ra-
ditiemal nformation on local resources
aned Federal building expericnoe.

Thas review process led w the release
of & more rigorous Bequest for Proposal
[RFF o s vendors inearly PG, Because
the RFP release occumed shostly afier
AMSL adopred BACnet, the project team
witg e that the 450 Ciolden Gate projec
waz going 10 be an carly test of the
“RACnet markeiplace.”

It takes companics several years o de-
welop a new product line, At the time pro-
posals were solicited for this project ihers
wits i comeem that there may not be a com-
petitive bidding environment. Therefore,
specifications indicated that BAC et com-
rmenication was mandatory only for work-
stations and primary feld panels.
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Figure 2: Exomp

I EME controller distribution for o deal-duet gir-hendier system. The refrofit induded DD conversion of

mearly 1200 VAV boxes of which both BAChet and non-BAChet specking confrollers were installed, Fone information
fram the non-BACnet contrallers is fronsloted e BACrRe! messages by supervising field controllars.

For commumnication between Deld panels and unitary con-
trollers, |:l||.'r'.‘:l|i-:‘:!:i|_g.- COMmmumenion apltions were acceptable,
Thiz could inchede a primary control panel =erving as o BACne
gateway. Variows vendors proposed both all-BACne wrd mixed-
protocol designs.

An evaluation commines comprised of representatives from
CiEA, the local wriliy, the engineering design Tl and MIST re-
viewed all vendor infosmanion sulumined, The comomitles selecled
twor vendors for the project. Scopes A, B, and Fwene awarded to
one vendor and Scope [ owas awearded o another vendor, Foned-
ing was not yet in hand Ffor the centeal plant retroli defined m
Scope E and no acceplable solution o integrating the existing
comiral gystems of Scope O was available ar the tme of tee bid,

However, the work of Soopes C and E will be meorporated
inder & design package for a 199599 construction phase, Thus,
once the subsequent “C and E Scopes” are completed, the
entire EMS will be comprised of control products from up 1o
tive different vendors.

O thee b vendors selected For the current constmction phisss,
one sysiem utilizes proprictary communications an e wnilary
sontreller level (such as WAN box controllers) with primary felid
panels serving as both controllers and gatesways communiciing
via BACnet over the system’s Ethernet backbone. The oaher
system wees BACnet communication exclusively,

BACnet Myths Dispelled

Many leszons have been leamed from the 430 Golden Gane
projqect. In spccessiully demonstrating BAChef communications
within i lurge-scale project, some street mythology abost BACk:
fias been disproved, Consider four pearls of conventional wis-
dewn about BACnet in light of actual project expericnce.

vrle 8o BAC we? ix now read, or ar Teasi aor veady, T is e
that i takes tme for companies @ develop new BACher prod-
wets, I general, it = more difficult for large companies o change
quickly. Tt is also trse that companies are still developing their
BACHe product line. However, BACnet products are currenily
avatlable from multuple companizs.

Tn s possible o find vendors who can meet stringent BAChe
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specification requirements even for a project the siee of 450
Giolden CGate. In some cases participating vendors modified their
prosuct enhancement schedule w accommodate the project’s
requiremieniz, but all of the installed products are curmently aval-
able in the markerplace.

Myl 22 BACuer is tov comgicaied and expensive Jor fow
feved cosfrollers. Mo evidence from this project exists that
EBACnet products cost mone than comparable propoetary prod-
ucts. Ohver LKD) BACner unitary controllers are aperating in
this system. Through a competitive bid process, no cost pre
mium was paid at any level for using BACner

Mlvtd 20 BACwer messages ave oo g and siefficiea, This
may be the only EMS installation that has been instrmented 1o
cramine issucs such as network raffic paterns and message
st distnbution. The data collected includes comtinucus sam-
pling of backbone traffic during even the heaviest iraffic periods
o system testing and configuration. Under these conditions,
ke workstation use and exiensive rending were cmploved io
verly cormect system operation. Table 7 summarizes the data
fromm two such samples. The first sumple consisied of about 46
il lion messages collected over 30 days and the second sample
consisted of 62 million messages collectied over 41 davs,

Sdrnost all ol the messames are gxacily 60 byies long, Ethernet
resquires messages o be ot least 60 byvies long in order 1o detect
cilizions, The fact thad these messages are exactly 60 byees long
i Dbl ey have been padded to make them large cnough o
transomil over tee Bthernet LAMN. This implics that BACnzs mes-
saging 15 =0 efficient that most messages are less than &0 bytes.
Tzl contracicts cluims tat BACnet was oplimized for large
systems and is nod practical for small devices.,

Myl d: Cosperaiion bebween verdors fo solve problems
will wmever lepreen, A with any lorge-scule construction project,
soane issues arcee while the system was being installed and
commissicned. Parmially conlgured comtrollers and missing or
rrasundersrond lommaton camsed o Few glitches slong the way.
Howewver, there was never any dilficulty tsolating the cause of o
problem, defining s remedy and assigning responsibilities
among the vendors
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ecauze of careful planning—inclod-
ing inter=vendor submittal exchanges
and productive progress meetingz—the
multiple vendors acted as a cohesive
teamm throughoul the construction period.
In fact, he project™s vendors indicated
that such cooperation is typical of their
other multi-vendor/multi-contractor
projects—EBACne-based ar otherwise.,

Lessons Learned

Some issues arose during this project
that are imporiant considerations for oth-
ers designing or specitving BACnet sys-
terng, Oine of the vendors chosen for the
project uses field pancls that simulia-
neously act a5 a controller, as well as a
gateway to the vendor's unitary {non-
BACnet speaking) controllers. The
project specification indicated exactly
what intormation must be accessible
through the gateway (an imporiznt point
for specitving engimeers ). Howeever, when
the tme came to contipure those field

Sample 2
5 &2 millian masiogas)
Size % -u-fgu'mph Size % of Sample
50 byes 35,4 50 bylns F3.5
S1-128 bylas 13.2 51-12E belas .4
= 12E byles I.4 = 128 beleg 38

Table 1: Somple BACnet messoge sizes during commissioning.

pancls, concerns arase about kaving suf-
flcient memory Tesources and processor
time to perform both functions if all of the
proprictary points were made accessible
through the Eateway.

In the end some compromses wars
mitcde b achieve o workable solution. Any
swstem that has o gatewny can experience
thiz kind of problem—especially when an
expunsion takes place, Although gate-
WEYS A0 somelmes necessary, they al-
WEYS COMme sl price

BACnet does net deling how 10 cone

figure controllers (such as programming
of sequences, addition or deletion of
phyvsical points wa contreller's database,
sty Therefore, it was undersiend from
the project’s start thal proprietacy ven-
dor-gpecific wools would be needed o
configure the inzialled sysiems, The in-
ent of the specilicalions was 1o instiall
“stand-alone” versions of these configu-
ralsan Tools an the network file server, thus
permitling aceess o these vendor-spe-
cific applications from any worksiation,
Unforunately, this did not prove o
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b possible. Even though stand-alone
configuration toals would be very practi-
cal from the perspective of the user, most
EMS vendors bundle these tools as part
of their workstation soflware as a com-
plete package. And, bacause not all ven-
wors support the same PO operating sys-
Tems, o separate PCmay be required juse
fior the configuration of one vendor's in-
stallation. Pressure from users may cause
this te change owver time,

Although BACnet defines o file object
and application services 1o read and write
files, it does not defing & file format for
trend lopging. Trending is important in
most systems, At 430 CGolden Gate trend-
ing was extremely important becouse of
the meed to collect data for e research
aspects 0f the project. To make s work
in & malii-vendor environment it was nec-
ensary 10 specify exact details of how rend
data was 1o be collected and what Nile for-
miats woald be used for archive functions.

The final methodology employed for
trending 15 being reviewed by ASHEAE
Standing Standord Project Committes
[S5PC) 135, BACnet—aA Data Comamuni-
cation Protocod for Building Awiomation
and Control Networks, and may be incor-
porated into the standard.

Finally, no industry certification pro-
gram exisis for BACnet products ar this
time. Finalization of specific tesring pro-
cedures is & high priority of 35PC 135 anl
miany are working toward a formal cerili-
cation process. Fortunately, G5A was
able to turmn 1o the National Institute of
Standards and Technology (NIST}—one
of the key plavers in the efforts 1o de
vilop BACnet testing tools and proce-
dures—for assistance in verifving that
products on this job correctly implement
BACnet protocols, This assistance is not
generally available,

Companies in the industiry have been
working together 1o 1est products. Uniil
acertification progranm is in plice, it would
be wise for consumers (o request evi-
dence that o company has done thorough
tezting and has some Kind of field experi-
ence i multi-vendor environments,

Caonclusion

The BACnet implementation at 450
Gaolden Gate has been overwhelmingly
successful. The project's timing  pushed
the envelope of the controls industiry and
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the marketplace. Within less than a vear
from ASHRAE/ANSI adoption of
BACnet, a competitive procurement pro-
cess was launched to demonstrate the
viability of the technology and assess the
EMS industry’s acceptance of
interoperability. Though the project s tim-
ing limited the number of vendors avail-

ahle 10 purticipate, nearly every major
player in the industry enthusiastically
responded to the initial BFQ,

The project proves that BACnet works
as intended. In a real building and under
real-world construction conditions, EMS
products of multiple vendors were in-
stalled. networked over a single Ethemnet
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o operator interface package. The re-
sult is & fully integrated building-wide

AR 5 CLEANROOM EMS comprised of muliiple manufaciur-
HYDRONIC PERFORMANCE crs sysiems, bul operating as a single
system in terms of an operator’s daily in-
teraction with the entire EMS.

The cooperative spint among the ven-
cors led te a valuable cxchange of infor-
maticn and continued evolution and im-
provement of respective product lines.
This in turn has sirengthened the under-
standing of the BACnet standard xmaong
project participants. as well os the indus-

SYSTEMS TAB TESTIMNG

BUILDIMNG SOUND &
SYSTEMS VIBRATION try at large. Continued penetration of
COMMISSIONING MEASLUREMEMNT BACHzt indo the morkeiplece 15 inevitable
The remaining challenges are educating
owners  aboul  the  benefits  of
inferoperability, mproving the under-

FH: 3':“ -9??-3593 Fﬁx: 301-9??-9539 :.'I_;l_n:_l1||g af BME and BACnel 1@chng-

logy among the design communly, and

NATIONAL ENVIRDNMENTAL BALANCING BUREAL i eventual “te-tooling™ of the controls
contracting industry for delivery of ruly
[Circle Mo. 23 on Reader Serelce Carnd] inbegrited building autoamation solulions,

Dizclaimer

1 BACHe s a registered irademark of the
H A L UA R D Ammercan Socely of Heanng, Befrigernar

Refrigerant Leak Mnnltnrs

g, and Air-Conditioning Engineers, Inc
Ethernet isa registered I|.|-.|.-..|'|'|.|.L ol Digi-
tal Equipment Corporation, Tntel and
Merow, and i the basis for international
stancland [50 B803-3. This version is used
in BACnar systems.
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